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CONTROL OF WOUND SCAR PRODUCTION WITH CALCIUM ANTAGONISTS ALONE 
OR IN A COMBINATION WITH A STEROID 



Background of the Invention 

The ability to heal by forming scars is essential for 
mammalian systems to survive wounding after injury. 
Normally , wound healing is a continuous process extending 
over a one-to-two-year period. The process can be . 
conceptually divided into three fundamentally distinct 
stages. The first stage is an intensely degradative phas 
called the inflammatory stage. It occurs immediately 
after injury and provides a means to remove the damaged 
tissues and foreign matter from the wound. Two-to- three 
days later, as fibroblasts from the surrounding tissue 
move into the wound, the repairing process enters its 
second stage , the proliferation and matrix synthesis 
stage* The fibroblasts in the wound proliferate and 
actively produce 1 macrombrectfre^, such as collagen and 
proteoglycans., which are secreted into the extracellular 
matrix. The newly-synthesized collagen fibrils are cross- 
linked by lysyl oxidase and provide structural integrity 
. to the wound. During this stage, fibroblasts also 
contract the intact collagen in order to reduce the 
surface area of the wound. This second stage lasts about 
three weeks. In the final, remodeling stage, the previous 
randomly-organized collagen fibril is align d in th 
direction of mechanical t nsion and becomes more organized 
so that the mechanical strength of the wound area can be 
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increased. The repair process is accomplished vhen the 
chemical and physical barrier functions of the skin are 
restored. 

Normal wound healing follows a well-regulated course. 
However, imbalances may cause abnormal scars to form. For 
example, if the biosynthetic phase continues longer than 
necessary or degradation of collagen decreases, 
hypertrophic scars may form. These scars cause problems 
ranging from aesthetic deformity to severe limitation of 
motion. Hypertrophic scars more frequently occur among 
children and adolescents, suggesting that growth factors 
may influence the development of this type of scar. 
Hypertrophic scars are especially common in patients who 
have burns or wounds that heal by secondary intention. 
Another type of excess scar is the keloid. In this 
disorder, the cells appear to lack sensitivity to normal 
feedback signals. They are larger than hypertrophic scars 
and grow in an unregulated way, tending to invade normal 
tissue surrounding the wound:. They rarely disappear 
spontaneously and often: recur: after surgical excision. 
The management of these- scars remains a major unsolved 

clinical problem < 

. Existing therapy for hypertrophic "scars and keloids 

includes surgery, mechanical pressure, steroids, x-ray 
irradiation and cryotherapy. There are many disadvantages 
associated with each of these methods. Surgical removal 
of the scar tissue is often incomplete and can result in 
the development of hypertrophic scars and keloids at the 
incision and suture points, steroid treatments are 
unpredictable and often result in depigmentation of the 
skin. X-ray therapy is the nly predictably ffective 
treatment to date; however, b cause of its potential for 
causing cancer, it is not generally recommended or 
accepted.- 
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Compositions comprising tripetides, tetrapeptides and 
pentapeptides have been shown to inhibit biosynthesis of 
collagen and may be used to treat diseases caused by 
excess; accumulation of collagen (Mitsubishi Chem. , 
Japanese Patent Nos. 52083545, July 12, 1977, and 
52025768, February 25, 1977). The effects of applying 
silastic sheets onto the surface of hypertrophic scars was 
studied and shown to shrink and soften scar tissue. 
[Ohmori, S. Aesthetic Plastic Suraerv 12: 95-99 (1988)]. 

Despite the various treatments presently available, 
there is no widely accepted and predictably effective 
means for preventing or treating wound scars, such as 
hypertrophic scars or keloids. 

Summary of the Invention 

This invention pertains to a method for minimizing or 
preventing excessive scar, formation, particularly 
hypertrophic, wound: healing .disorders., such as hypertrophic 
scars and: keloids. Specif ically,. the: method comprises 
administering : an effective amount of a: calcium antagonist, 
to a.-.wound: site for- a period, of time: sufficient to 
minimize the scar, or to , prevent , the: formation of a 
hypertrophic, scar . . P^r.ef^rfibl^,:, >thej calcium antagonist is 
selected : from < phenylalkylait).ine;;compounds , / such as 
: verapamil; * biologically, compatabjle^pplyvalent ionic salts, 
, such as, cobalt chloride and nickel chloride; 
dihydropyridine compounds, , such as nifedipine, nicardipine 
and nimodipine; benzothiazepine compounds, such as 
diltiazem; and phenothiazines, such as trifluoperazine and 
tamoxifen. The calcium antagonist can be administered 
alone .or in combination with a protein synthesis inhibitor 
(e.g. , steroids) as part of a complete therapeutic 
regimen. For example, the steroid can be selected from 
the corticosteroids and glucocorticosteroids, such as 
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triamcinolone acetonide. For similar purposes vitamin E 
can be co-administered. The calcium antagonist is applied 
to the wound site,- such as by injecting it directly into a 
scar or topically, applying it onto the wound site. If a 
steroid or vitamin E is used in conjunction with the 
calcium antagonist, the steroid can be co-administered or 
applied subsequently to the wound site, preferably within 
a two week time period. The steroid is also administered 
directly to the wound site; it may be injected or 
topically applied. In whatever manner they are 
administered, the calcium antagonist and/or the steroid 
can be admixed with a pharmaceutical^ acceptable vehicle 
to facilitate localization of the agent to the wound site. 
Similarly, a non-steroidal anti-inflammatory agent can be 
co-administered with the calcium antagonist. The drugs 
may be put into sustained release capsules to provide 
continuous treatment at therapeutic doses without systemic 
side effects. 

The method of the. present invention can be used to 
minimize or prevent, scar- f ormation,.- such as hypertrophic 
wounds,, keloids and burn scar contractures, in humans or 
other mammals, .particularly: .those; individuals prone to 
excessive scarring. A calcium. antagonist, alone or in 
combination,. with; or followed by, a-, steroid or vitamin E, 
, can be applied- to r a presently existing:: hypertrophic scar 
to reverse the. scarring process and essentially eliminate 
the scar tissue. The present invention can also be used 
therapeutically to ..control diseases^ associated with 
excessive scarring, .such as cirrhosis; of the liver, 
constrictive pericarditis, Dupuytren's disease of the 
hand, plantar fibrosis of the foot and various other 
f ibromatoses . : . r * 
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Figures la and lb are graphic representations of the 
effects of hydroxyurea (7.9 mM) , antimycin A (l.OjiM) and 
nifedipine (IOOjiM) on the rate of proline incorporation 
(Fig. la) or rate of sulfate incorporation (Figure lb) 
into fibroblast populated collagen matrices (FPCM) bathed 
in DMEM/5.5 [iM fructose. 

Figures 2a and 2b are graphic representations of the 
dose-dependent effect of verapamil on the rate of proline 
incorporation of FPCM bathed in DMEM/5.5 nM glucose and 
5.5 |iM fructose, respectively. VI represents luM 
verapamil, V2 represents IOjiM verapamil and V3 represents 
lOOfiM verapamil. 

Figures 3a and 3b are graphic representations of the 
effects of Verapamil. on the rate of sulfate incorporation 
into glycosaminoglycans in FPCM bathed in DMEM/5.5 jiM 
glucose and fructose, respectively. VI represents luM 
verapamil, V2 represents IOjiM verapamil and V3 represents 
lOOpM verapamil. 

Figure 4 is a graphic representation of the rate of 
exocytosis in human' dermal fibroblasts in monolayer 
culture as a function of cellular fluorescence verses 
exposure time. • Release of Lucifer Yellow CH form 
secretory vesicles in fibroblasts into the extracellular 
space is indicated by cellular fluorescence vs. time after 
dye loading. Loss of fluorescence occurs via exocytosis. 
Approximately 55% of the dye~ is ; secreted in 6 hours. 

Figure 5 is a graphic representation of the effect of 
the calcium antagonist verapamil (50jiM) on release of 
Lucifer Yellow CH from human dermal fibroblasts in 
monolayer culture. Retardation of exocytosis is 
demonstrated. 

Figure 6 is a graphic representation of the 
incorporation of 3 H-proline into FPCM extracellular 
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matrix. FPCM bathed in fructose were untreated (control) 
or treated with 100 \M diltiazem. 

Detailed Description of the Invention 

Calcium antagonists, as used herein, are compounds 
which can interfere with calcium transport within a cell 
or block/ inhibit one or more events involved in the 
calcium cascade. Several classes of calcium antagonists, 
include calmodulin inhibitors, Protein Kinase C inhibitors 
and calcium transport blockers. Calmodulin inhibitors 
prevent the binding of calcium to calmodulin, thereby 
interrupting intracellular signal transduction, including 
activation of Protein Kinase C, the next event in the 
calcium cascade. Compounds that inhibit Protein Kinase C 
or other downstream events can be used. Calmodulin 
inhibitors include phenothiazines, such a trifluoperazine 
and tamoxifen (also Protein Kinase C .inhibitors) . Calcium 
transport blockers, also called calcium entry antagonists, 
calcium channel antagonists or -calcium channel blockers, 
block the action of calcium channels, which are regions of 
cell, membranes that facilitate the transport and secretion 
of fluids .and -electrolytes such as calcium into the cell 
[Ra^mussen, i: It. : N.E.J. Med. 314::' 109.4-1101 (1986) ] . 
Compounds included ;in this class: are- phenylalkylamine 
compounds, such-as verapamil; polyvalent . ionic salts that 
physically block the calcium channels, such as nickel 
chloride- r cobalt chloride and other biologically 
acceptable salts of these; hydropyridine, compounds, such 
as nifedipine; and benzodiazepine compounds, such as 
diltiazem. Other compounds that affect the secondary 
messenger pathways in cellular, signal: transduction may 
have the same or similar effect as calcium antagonists on 
cell shape and tissue remodeling. 
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The present invention steins from the discovery that 
calcium antagonists, which interfere with calcium 
metabolism or transport across the. cell membrane, can 
inhibit exocytosis in fibroblast cells; can retard 
biosynthesis of collagen and sulfated glycosaminoglycans 
(GAG) ; can be used to decrease the collagen content of the 
extracellular matrix; and can also stimulate increased 
collagenase activity, -leading to softening of the scar 
tissue. These features work together to control wound 
scar production; by minimizing, preventing or reversing 
the scarring process, depending upon the course of the 
disease or type of wound treated. 

Exocytosis, a process involved in cellular secretion 
of protein, is but one mechanism -affected by calcium 
antagonist treatment. Duiring secretion, vesicles that 
contain sorted and .concentrated protein pinch off from the 
Golgi apparatus .and ^move -toward the cell membrane at the 
leading edge of .rthe rrcell", where the^ fuse with the cell 
membrane' ..and Release prdtein into ~ttie extracellular space . 
This process .of. fusion aind release is T known as exocytosis 
and is one of. the: e's^ential steps 'in secretion of 
extracellular matrix. -&aera-aolecuf£e's ,J (such as 
•glycosaminoglycaxte- ^-collagen ^and e^as^iri) . Many diseases 
and -disorders ;airei". characterized by ^ekcessive biosynthesis 
or; secretion. For example \ fiypeft^rdphic wound healing 
disorders, are characterized by N over-secretion of protein 
and collagen.. This overproduction is one factor which 
contributes, to.. excessive scarring or keloid formation. 

It has? also been observed that calcium antagonist 
regulate cell-shape. As described in detail in the 
exemplification, fibroblasts that have been treated with a 
calcium antagonist became more rounded than untreated 
fibroblasts. The treated cells were tested for viability 
and were found to have intact cell membranes which are 
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indicative of viable cells. The observation that treated 
fibroblast cells become alteration was correlated with 
changes in cell programming from a biosynthetic mode 
(mechanism normally undertaken by untreated fibroblasts) 
to a degradative mode. It is believed that this change 
toward matrix degradation, mediated by cell shape changes, 
plays a roll in controlling wound scar production. Thus, 
other compounds can be studied for their ability to 
regulate (up regulate or down regulate) fibroblast 
biosynthesis by observing their interaction with calcium 
antagonists. 

In a preferred embodiment, wound scar content can be 
minimized by administering an effective amount of a 
calcium antagonist to a hypertrophic wound site. The 
calcium antagonist may be administered alone, or in 
combination with or followed by the administering of a 
protein synthesis inhibitor (e.g. , steroid). For example, 
a steroid can be co-administered with the calcium 
antagonist, or applied separately, preferably within a 
two-week interval following the application of the calcium 
antagonist. Treatment of the wound .site with the calcium 
antagonist, with or without the steroid, should continue 
for a period of time sufficient to minimize the wound 
area. Suitable^ ^ calcium antagonists include, but are not 
limited' to 'phenyl alky 1 amine compounds, r such as verapamil; 
: biologically acceptable polyvalent, salts, such as cobalt 
chloride and nickel chloride? hydropyridine compounds, 
such as nifedipine, nicardipine and nimpdipine; and 
phefiothiazines, such as trifluoperazine, and tamoxifen 
which are examples of calmodulin inhibitors. The amount 
of calcium antagonist which can be effectively 
administered is dependent upon the type of. calcium 
antagonist used and the scar site to be treated, and can 
be ascertained by monitoring the scar site during 
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treatment. The amount can be adjusted accordingly 
depending upon the response observed. Threshold effective 
amounts of verapamil and nifedipine are approximately IOjiM 
and ImM, respectively. Steroids which may be used 
include, but are not limited to; corticosteroids and 
glucocorticosteroids, such as triamcinolone acetonide 
(also known as KENALOG 1 *) , and Vitamin E (a-tocopherol) 
(Ehrlich et ai. 1972, Ann. Sura. 75:235). The amount of 
steroid which can be effectively administered will depend 
upon the type of steroid used. The threshold effective 
amount of triamcinolone acetonide is approximately. The 
effects of calcium antagonist treatment, with and without 
steroids, on various types o wound scars are illustrated 
in the exemplification. 

Hydropyridine compounds such as nifedipine are 
relatively insoluble in aqueous solution. Due to their 
insolubility, it may be advantageous to solubilize the 
drug in a non-polar carrier depending upon the location of 
the disorder to be treated. Calcium antagonists can be 
administered to a wound site either alone or they can be 
admixed with pharmaceutically acceptable vehicles to 
facilitate their diffusion into the wound site. One 
suitable vehicle is dimethyl sulfoxide in a 
physiologically acceptable ^mount:. Calcium antagonists 
can be 'incorporated into liposomes for localization of 
concentrated quantities of the drug, as well as for the 
sustained release of the drug to the wound site. 

Calcium antagonists can be concentrated and 
incorporated into controlled release polymers as an 
alternative mode of administering the drug (e.g., 
transdermal administration) . Examples of controlled 
release polymers have been described by Folkman and 
"Langer, U.S. Patent No. 4,391,727, issued July 5, 1983; 
Yolles, U.S. Patent Nos. 3,880,991 issued April 29, 1975, 
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and 3, 887 , 699 , issued June 3, 1975; Boswell, U.S. Patent 
No.- 3,773,919, the teachings of which are incorporated 
herein by references Preferably, biodegradable polymers 
will be used. 

The method of administering an acceptable dose of 
calcium antagonist to minimize scarring is dependent upon 
the location of the hypertrophic wound and the extent of 
scarring. In particular, the calcium antagonist, either 
alone or in combination with a pharmaceutically acceptable 
vehicle, can be topically applied to the surface of the 
wound site; 1 it can be injected into the wound site; or it 
cian be incorporated into a controlled release polymer and 
surgically implanted in a region to be treated. Surgical 
implantation is advantageous for treating disorders such 
as cirrhosis of the liver and constrictive pericarditis. 
This permits the calcium antagonist to be localized in the 
diseased site without adversely affecting the patient or 
releasing excessive amounts of the drug into the 
circulation system. If a steroid is used in conjunction 
with, or following, the calcium antagonist,' the acceptable 
dose of steroid may be administered through- several 
methods. The steroid, either ~alohe or -in combination with 
- a pharmaceut : ical : ly : acceptable vehicle; can be topically 
applied to the surface 'of the wound site; 'injected into 
the wound site; or incorporated into a controlled release 
polymer and surgically implanted into the region to be 

treated. - : 

Depolymerization of cycloskeletal proteins leading to 
alteration of cell shape and matrix degradation can be 
regulated tisiing the methods of this invention. Secondary 
to this, the : invention can be used to regulate and block 
exocytosis . In particular, fibroblasts are contacted with 
an effective amount of a calcium antagonist sufficient to 
degrade the matrix- and iretard exocytosis to a desired 
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degree. The method of contacting the calcium antagonists 
to the fibroblast cells of interest and the effective 
amount of these drugs are described above* 

In addition to treating hypertrophic wound healing 
disorders, one or combinations of several different 
calcium antagonists co-administered to a patient can be 
used to therapeutically control diseases caused by 
excessive fibroblast biosynthesis. Diseases characterized 
by fibroblast overproduction include, cirrhosis of the 
liver, constrictive pericarditis, Dupuytren's disease of 
the hand, as well as other fibromatoses. While these are 
but a few diseases which can be treated using the methods 
of this invention, it should be recognized that any 
disease which is characterized by excessive fibroblast 
biosynthesis can be treated using calcium antagonists. 

The invention is further illustrated by the following 
Examples which should not be construed to be limiting in 
any way: 

Example 1 . _ 

Studies on. Protein and GAG Secretion * 
Tissue Preparation : . . - z ... 1; 

.A connective tissue model, ptf.rUAi.exially oriented 
... ..cells, and extracellular. £ matrdx..was: fabricated using bovine 
fibroblasts, rat tail, tendon collagen and nutrient media. 
Bovine fascial fibroblasts were harvested from the thigh 
of freshly slaughtered 2 week old calves (Trelegan's, 
. .Cambridge, MA), by enzymatic digestion using 0.1% type II 
cpllagenase (Worthington Biochemical, Inc., Freehold, NJ) 
digestion in Dulbecco' s Modified Eagle Medium (DMEM; 
Gibco, Grand Island,.. NY) at 37 °C for 4 hours. The 
. released cells were seeded onto tissue culture dishes with 
. DMEM supplemented with 10% NuSerum™ (Collaborative 
Research, Bedford, MA) . The media was changed very 4 8 
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hours. The cells were passaged once and then either used 
immediately or stored frozen in 50% calf serum/45% DMEM/5% 
DMSO at -100°C. When frozen cells were used they were 
quickly thawed, sedimented through a column of 50% 
serum/50% DMEM at 185g for 3 minutes, then plated on 
coverslips. The media was changed after cell attachment 
(-4 hours) . 

Native type I collagen was extracted from rat tail 
tendon and purified using a modification of the method of 
Chandrakasan, G. et al. t J > ] Biol. Chem. 251 : 6062-6067 
(1976). Specifically, rat tail tendons were removed from 
adult Sprague-Dawley rat tails, washed in PBS and 
distilled water. The tendons were then placed in a 
solution of 0.05M (3%) acetic acid at the ratio of 200 ml 
per tail. The mixture was stirred for 96 hours at 8°C. 

After 24 hours of stirring, the mixture was filtered 
through several layers of cheese cloth and then 
centrifuged at 12000g (9000 rpm in Sorval GS-3 rotor) for 
2 hours.. The supernatant was precipitated and redissolved 
in cold acid multiple times to remove non-collagenous 
proteins. The. collagen solution was sterilized in 1/1000 
(v/v.) chloroform. This procedure preserves the native 
structure of the collagen molecule. »-j 

Oriented tissue; equivalents were: made by mixing 
, bovine fibroblasts with; a 0.2%: collagen solution, 20% calf 
serum, lOmg/ml gentamycin. solution, 5: mg/ml ascorbate in 
DMEM as previously described [McLeod, K.J. "Modulation of 
Biosynthesis by Physiologically Relevant Electric Fields" 
Ph.D. Thesis M.I.T. 1986]. This suspension was poured 
into, sterile culture dishes containing, two sterile porous 
polyethylene posts held 2 centimeters apart. The dishes 
were placed in a cell culture incubator gassed at 5% C0 2 
with 99% humidity. The suspension gelled at 37 e C. 
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Over several days, the fibroblasts remodelled and 
consolidated the collagen gel around the fixed posts. The 
resultant oriented fibroblast populated collagen matrix 
(FPCM) formed a tissue equivalent structure which 
histologically resembled a ligament. Oriented tissue 
equivalents are further described in McLeod et al . , 
Science 236: 1465-1469 (1987) and in U.S. Patent 
Application Serial No. 07/349, 855 , filed May 10, 1989, to 
R.C Lee and D. Huang, the teachings of which are herein 
incorporated by reference. 

Assay for Determining Biosvnthetic Activity 

Protein and glycosaminoglycan (GAG) biosynthesis was 
measured using radiolabeled precursors of protein and 
sulfated GAGs. Four days after casting of the FPCM, the 
media bathing the ligament equivalents was changed to 
serum free DMEM with 0.5mM L-proline (Sigma, St. Louis, 
MO). After; 12. hours, the media was changed again to fresh 
serumrfree : media supplemented with 10 jiCi/ml Na 2 35 S0 4 (NEX- 
041, New* England- Nuclear', Boston, MA), 10 pCi/ml L-[5- 3 H]- 
* proline (NET-573-, New Engl arid- Nuclear, Boston, MA) and 0.5 
mM L-proline. < The -samples were bathed in the radiolabeled 
media for 12: hours.:. The radiolabeled sulfate was 
incorporated^ dnto. :: : GAGs and" 3 H-prbl*irie into proteins, and 
so' provided markers' of sulfated GAGs and protein 
synthesis, respectively. Since DMEM is proline-free, the 
addition of non-radioactive proline ensures a relatively 
constant specific activity in the medium. 

Effect -of Calcium Antagonists on Biosynthesis 

The effect of calcium antagonists on protein and 
glycosaminoglycan (GAG) biosynthesis was measured in FPCMs 
under. several conditions. The biosynthetic responses to 
calcium antagonism were studied in FPCMs cultured in DMEM 
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supplemented with either 5.5 yM glucose or 5.5 yM 
fructose. Both were studied because energy metabolism of 
cultured fibroblasts is primarily anaerobic when the 
carbohydrate energy source is glucose and predominantly 
aerobic when the carbohydrate source is fructose [Thilly, 
W.G., Mammalian ppII Technology . Chapter 5, Butterworth 
Publishers, Boston, (1986)]. In vivo fibroblasts are, 
however", believed to derive their energy primarily through 

aerobic glycolysis. 

The drugs used to antagonize calcium channels were 

verapamil, nifedipine, cobalt chloride and trifluoperazin. 

Control studies were performed to test the metabolic state 

of the cells in the FPCM. The effect of hydroxyurea and 

antimycin A, a drug which blocks oxidative 

phosphorylation, on biosynthesis was measured in FPCMs 

cultured in fructose or glucose. 

Results 

Energy Metabolism 

As previously reported fThiliy, W;G. , Mammalian Cell 
Technology /' Chapter 5 Butterworth Publishers, Boston, 
(1987) ], differences between Cellular energy metabolism of 
fibroblasts provided with glucose or fructose as energy 
substrates were observed. ' The effects of antimycin A on 
both •incorporation' of proline into extracellular matrix 
' protein arid incorporation of sulfate into extracellular 
matrix glycosaminoglycans 'over a 12 hour period was 
measured in FPCMs bathed in DMEM/5;5 mM fructose and their 
results are shown in Figures la and lb , respectively . 
Antimycin A had little effect on 3 H-proiine 'incorporation 
with FPCMs' provided with glucose. In contrast, antimycin 
A caused a substantial reduction in the fate of proline 
incorporation into the extracellular matrix in FPCMs 
provided with fructose. 
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Protein and Glvcosaminoqlycain Biosynthesis 

When the effect of the carbohydrate source on the 
rate of biosynthesis of protein and glycosaminoglycan was 
examined in FPCMs bathed in DMEM/0.5mM cold proline, no 
difference was observed between control FPCMs in glucose 
or fructose (Figure 2). There was a dose-dependent effect 
of verapamil on protein incorporation.. However, the 
biosynthetic response to calcium channel blockaid was 
observed to depend on the type of calcium antagonist used 
and whether the carbohydrate source was glucose or 
fructose. 

Verapamil retarded the incorporation of 3 H-proline 
into the extracellular matrix in the presence of either 
glucose or fructose (Figure 2). However, fibroblasts 
appeared to be more sensitive to verapamil when glucose 
was used as the metabolic energy source. Verapamil at 
100 jiM concentration reduced the 3 H-proline incorporation 
by almost 50% in FPCMs provided with either glucose or 
fructose. Verapamil had no significant effect on sulfated 
glycosaminoglycan. biosynthesis, even at a concentration of 
100 jiM (Figiure 3). The lack . pf effect on GAG biosynthesis 
incorporation indicated that the verapamil did not reduce 
cell viability. , ' : ; . ; ;- 

In equimolar concentrations, nifedipine caused a 
. larger . reduction .of 3 H-proline. incorporation than 
verapamil. .As for verapamil, nifedipine at 100 \xH 
concentration had no effect .on. GAG biosynthesis. When the 
medium was supplemented with fructose, nifedipine at 10 
and 100nM reduced both proline and sulfate incorporation 
by 60%. In contrast, nifedipine at 1 jxM had no effect on 
either proline or sulfate incorporation. In a series of 
3-week.-old FPCMs, twelve hours 1 incubation in 100 jiM 
nifedipine caused complete digestion, of the matrix. 
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When glucose was used as the carbohydrate source, 
verapamil at 100 jiM concentration was also found to retard 
the incorporation of 3 H-proline into the extracellular 
matrix about 50%. In fact , fibroblasts appeared to be 
more sensitive to verapamil when glucose was used as the 
carbohydrate source. The incorporation of 3 H-proline in 
the samples treated with 1 and 10 |iM verapamil was about 
20% less than that of the control,, Different 
concentrations of verapamil also had no effect on sulfated 
GAG biosynthesis. In summary, it was observed that 
verapamil and nifedipine at 100 \xK each reduced 3 H-proline 
incorporation by almost 50-60 in the tissue equivalent. 

The rates of 3 H-proline and sulfated 
glycosaminoglycan incorporation in fibroblast populated 
collagen matrices bathed in DMEM/5.5 jiM glucose or 
fructose and a calcium antagonist are shown in Table 1. 

50 mg/ml of cobalt chloride had a profound effect in 
reducing the rate of protein. biosynthesis and increasing 
the rate of secretion of sulfated glycosaminoglycans , as 
compared .with the effects of verapamil. 



Control 1.00+0.04(16) 1.0010.03(16) 1. 001 Cf. 05 (16) 1.00±0. 04 (16) 



TABLE I 



3 H-Prpline^ . Glucose (5.5uM) <; 3 H-Proline 
Glycosamino 
glycans (sulfated). 
... (cpm/1 x 10 3 cells) 



Fructose (5.5tiM) 
Glycosamino 
glycans (sulfatec 
(cpm/1 x 10 3 



cells) 



Verapamil 

(1 |*M) 
Cobalt 
(50 ng/ml 



0.8510.02(16) 



1.0210.03(16) 



1.0210.02.(16) 
0.9010.03(16) 



1.0010.04(16) 



0.7910.01(16) 



1.1410.03 (16) 



1.0110.02(16) 
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In order to identify whether the decrease in the 
incorporation of radioisotopes into the matrix was due to 
the inhibition of cell propagation in the FPCMs, 
hydroxyurea was used to block DNA synthesis. Hydroxyurea 
prevents the formation of deoxyribonucleotides. The 
results showed that there was no effect on hydroxyurea on 
the 3 H-proline and 35 S-sulfate incorporation in either 
carbohydrate source. 

The effects of other calcium antagonists have been 
studied. Preliminary data showed tht 100 jiM ditiazen 
reduced *H-proline incorporation by about 30% in the 
connective tissue equivalent. See Figure 6. 
Trifluoperazine has also been studied. 
Example 2 

Effect of Calci um Antagonist on C£ll Membrane Channels and 
Transporters Other Than Calcium Ion Channels 

The effects of verapamil and nifedipine at 100 jiM 
concentration on cell membrane channels and transporters 
other ?than-'&alciuin- channels were studied. The purpose of 
the-; study was to determine whether decreases in the 
incorporation of radioisotopes in' the FPCM matrix is due 
to decreased uptake of the cell generally or whether 
calcium channels are involved independently form the other 
transporters on the cell membrane. 

r. To determine if this was " the mechanism, 
glutaraldehyde was used to crosslink all the amino acid 
transporters on the cell membrane before and after the 
cells were treated with calcium antagonists. Fibroblasts 
were grown on four different sets of culture dishes. Set 
one was the control. Cells were labeled with 3 H-proline 
for 20 minutes and then they were treated with 3.7% 
glutaraldehyde (final concentration) for two hours. Set 
two was first treated with glutaraldehyde : for two hours 
and then were labeled with 3 H-proline for 2 0 minutes. 
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This was to see whether glutaraldehyde could completely 
block the amino acid transporters on the cell membrane so 
that no 3 H-proline could enter the cells. That also means 
no 3 H-proline could leave the cells once they were labeled 
with radioisotopes and treated with glutaraldehyde. 
Fibroblasts in sets three and four were treated with 
different calcium antagonists during the 20-minute 
radiolabeling period. Then, with the same procedure as 
set one, they were treated with glutaraldehyde for two 
hours.. Before the cell membranes were broken down by 
papain, cells were washed 5 times with 20 ml phosphate- 
buffered saline to get rid of the free labels on the cell 
surface and between cells. Aliquots of 1 ml papain-digest 
were counted for tritium radioactivity. The result showed 
that neither verapamil nor nifedipine at 100 |iM 
concentration significantly hindered the uptake of 3 H- 
proline into the cells. 

• • . • -.-....>• : '• ' - 

Example 3 

. Studies on Exocvtosis } . 

Human Fibroblast Cell Culture 

Human neonatal foreskin fibroblasts were harvested 

from newborns at the time of circumcis,ipn at the Brigham 

' v ' ' and Women's Hospital. The samples were, initially placed 

in antibiotic supplemented Dulbecco's Modified Eagles 

Media ttiMEM) then incubated in trypsin for... 20 minutes to 

: remove the surface epithelial layer. , The tissue was then 

"washed in Phosphate-Buffered Saline (PBS) solution, then 

cehtrifuged at 180g for 5 minutes to separate the 

epidermal cells. The dermis was minced, then subjected to 

0.1% type II collagenase "(Worthingtpn. Biochemical Inc., 

Freehold, NJ) digestion in DMEM for 4 hours. The released 

cells were seeded onto tissue culture dishes with DMEM 

supplemented with 10% NuSerum™ (Collaborative Research, 
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Bedford, MA). The media was changed every 48 hours. The 
cells were passed once and then were either used 
immediately or stored frozen in 50% serum/45% DMSO at - 
lOCTC. when frozen cells were used they were quickly 
thawed , sedimented through a column of 50% serum/50% DMEM 
at 185g for 3 minutes, then plated on coverslips. The 
media was changed after cell attachment (-4 hours) . 

Quantification of Dve RelPas'p 

TO determine if the rate of fluid phase exocytosis 
was modulated by calcium antagonists, the rate of 
exocytosis in human fibroblasts was measured using the 
rate of release of Lucifer yellow labeled dextran (LYD, 
M.W. 10,000) (Molecular Probes Inc., Portland, Oregon),' 
from vesicles in the cytoplasm of human foreskin 
fibroblasts. The LYD was loaded into cells by fluid phase 
pinocytosis (endocytosis) in the absence of serum. The 
intracellular location and transport of the .dye was 
monitored under control and experimental conditions using 
video image analysis. ; • 

p 2 " p s fibroblast cells were harvested from 
monolayer by brief lx trypsin and 
~ . eth y le n e di^inetetraacet£c acid .(EDTA) .digestion , plated 

' on glass coverslips and allowed to become 5.0% confluent. 

' Cell laden coverslips' (CLCS) were bathed in DMEM 
supplemented with 5 nig/ml Lucifer Yellow CH Dextran (LYD) 
for 12 hours under standard conditions. The CLSC were 
then washed five times in PBS at 37 °C to remove 
extracellular LYD, then placed in 60 mm sterile cell 
culture dishes. The dishes contained serum free DMEM at 
37 'C supplemented with either verapamil (10 jiM) , or no 
drug (control) . The dishes were returned from each of the 
dishes after 0, 2, 4 and 6 hours. They were quickly 
immersed in neutral buffered formalin at 8"C allowed 20 
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minutes to. fix, then the CLCS were mounted on glass 
microscope slides. The mounting solution was 50% 
glycerol > NaF phenylaminediamine. 

Each cell to be analyzed was placed in the center 
position within the field of view. The LY fluorescence 
was excited by filtered 100 watt mercury arc lamp 
illumination. The excitation was filtered with an 
interference filter with a bandpass of 460-485 nm. The 
emission was collected with a 4 Ox objective and passed 
through a 515 nm barrier filter. The emission was 
recorded with a video camera head with a chalnicon tube, 
digitized and stored by a Hamamatus video image processor 
under the control of a VaxStation II computer. This 
procedure was repeated under phase illumination so that 
the boundaries of the cell could be accurately identified 
by phase contrast. A software program located "the 
boundaries of the cell by identifying pixels with 
intensity values more than two standard deviations below 
the mean background, pixel intensity in a manually' chosen 
background area. 

To quantify the average intensity in the cell 
cytoplasm, the mean background value (B m ) was subtracted 
from the entire image including the pixel values in the 
cell (PJ . Since the background intensity could be used 
as a measure of the excitation intensity, the net pixel 
values within the boundaries of the cell were normalized 
to Bn. To normalized pixel values were then summed, and 
that sum was normalized to the area of the cell (A) • This 
result was termed the intensity of the cell I c : 

I e =E i (P i -S iB )/B JB A 

I c was determined for each of the 50 cells, 2 5 from 
each of two simultaneously-removed coverslips. The 
standard deviation and means were then calculated. The 
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mean for two coverslips was plotted at each time point (2, 
4 and 6 hours) . This process was carried out for both the 
experimental s and controls at .each time point. 

Results 
Exocvtosis 

Exocytosis was observed to proceed at a near constant 
rate over a. six hour period of observation in human dermal 
fibroblasts in monolayer culture (Figure 4). The rate of 
exocytosis of Lucifer yellow dextran was found to be 
sensitive to plasma membrane calcium channel function. 
Both verapamil (10 ixM) and nifedipine (100 ^M) were found 
to significantly retard exocytosis over a six hour period 
in these cells (Figure 5 and Tables II and III) . These 
results clearly demonstrate that exocytosis in human 
fibroblasts can be regulated. In Figure 5, the controls 
are represented by the squares. Table II and- III show the 
retardation of exocytosis in human dermal fibroblasts by 
calcium, channel blockers,, verapamil .(50 pM) and* nifedipine 
(1 pM) , respectively. 



WO 94/02130 



PCT/US93/06804 



-22- 



TABLE II 

Effect of Verapamil on Exocvtosis Response 



Stimulus 


Exposure 


Average 


Standard 


Intensity 


p value 




Time 


Intensity 


Error 


Difference 






Hours 






















Control 


0 


855 


38 








6 


691 


23 


















Verapamil 
50 iiM 


6 


793 


35 


14.8% 


p<0.02 

- - 



TABLE III 

Effect of Nifedipine on Exocvtosis. Response 



Stimulus 


Exposure 


Average 


Standard 


p value 


... . i 


Time 


Normalized -r- - 


Error 






(Hours) - - • 


Intensity 
















Control 


1 " : - 0 


. 58 


.629 






4 


.54 


.029 






6 


.36 


.015 




Nifedipine: 
1 jiM 


.4 


.58 


.029 


p>0.05 




6 


.49 


. 047 


p>0.03 
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Example 4 

Study on Cell Shape Chan ges Caused bv Calcium Antagonists 
Light and electron microscopy studies indicated that 
verapamil caused the cells to adopt a more rounded shape 
than controls. These rounded cells were tested for 
viability by staining the cells with 0.01% trypan blue for 
5 minutes. Most of the cells were not stained with trypan 
blue indicating that the cell; membranes were intact and 
cells remain viable. Again, alteration of cell shape 
correlates with the change in cell programming from 
biosynthetic mode to a degradative mode. Based upon this 
observation, it is hypothesized that calcium channel 
blockers drive the cells toward matrix degradation, 
perhaps mediated by cell shape changes. 

Example 5 

Studies of the Effect of V erapamil in Conjunction with a 
Glucocorticoid' on Human Keloid and Hypertrophic Scars. 

The. first patients to be, tested were those patients 
with.i^ that had failed to respond 

to multiple therapeutic trails with .glucocorticoids 
(Kenalog™).' In .order, jto determine A if; verapamil can induce 
breakdown of the scar matrix and produce macroscopic • 
shrinkage ^hcl*' softening 1i>f ^theToar,' three patients were 
given" l~mM~ verap'aftil ~ in one' lesion and "ImM lidocaine in a 
similar lesion in the same or contralateral area of the 
body. * - - 

The response to the initial injection of verapamil 
was dramatic softening of the scars. The lidocaine did 
. not produce softening of the scars. On subsequent 
injection of verapamil at biweekly intervals, the response 
of keloid scars was to return gradually towards the 
original stiffness of the scar. However, in patients with 
hypertrophic scars, the response to verapamil therapy was 
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equally effective on the first injection, but these scars 
differed from keloid scars in that further injection 1 d 
to further softening and fading of the scars. 

Dramatic results have occurred in patients with burn 
scar contractures. In two patients injected with 
verapamil alone, the scar contracture disappeared in two- 
to-three weeks. Results for other diagnoses were also 
positive. One patient with a hypertrophic scar on the 
volar surface of the wrist received verapamil injections 
into the scar site, causing a 10-30 reduction in the scar 
size and rapid fading of the scar. Another with 
hypertrophic scars on the right wrist and knee experi need 
rapid fading and shrinkage of scars with verapamil 
injections. Verapamil injections into a scar contracture 
of the joints on the hand of another individual allowed a 
substantial increase in range of motion by 15-20 degrees, 
and decreased hard edema. A patient whose left had and 
right palm were affected by Dupuytren's disease 
experienced softening of the areas after one verapamil 
injection; finger extension was also increased by 10 
degrees. 

Equivalents 

Those skilled in the art will recognize, , or be able 
to ascertain using no more than routine experimentation, 
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many equivalents to the specific embodiments of the 
invention described specifically herein. Such equivalents 
are intended to be encompassed in the scope of the 
following claims: 
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CLAIMS 

1. The use of a calcium antagonist for the manufacture of a 
medicament for controlling scar production. 

2. The use of a composition comprising a calcium antagonist 
and a protein inhibitor for the manufacture of a medica- 
ment for controlling scar production at a wound site and 
reducing any preexisting scar tissue at the wound site. 

3 . The use according to Claim 1 or Claim 2 , wherein the 
calcium antagonist is a calmodulin inhibitor, a Protein 
Kinase C inhibitor or a calcium transport blocker.. 

4. The use according to Claim 3, wherein the calcium 
transport blocker is selected from the group consisting 
of phenylalkylamine compounds, dihydrophyridine com- 
pounds, benzodiazepine compounds and biologically 
compatible polyvalent salts. 

5. The use according to Claim 4 > wherein the calcium 
transport blocker is selected from the group consisting 
of ^verapamil, nifedipine, nicardipine, nimodipin , 
diltiazem, cobalt chloride and nickel chloride. 

6; The use according to Claim 3, wherein the calmodulin 
inhibitor is trifluoperazine or tamoxifen. 

7. The use according to Claim 1 or 2, wherein the medicament 
is adapted for administ ring by injection into th wound 
site, topical applicati n onto the scar site or by 
incorporation into a release-controlling polymer. 



I 
I 
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8. The use according to Claim 2, wherein the protein 
synthesis inhibitor is a corticosteroid. 

9. The usfe according to Claim 1 or Claim 2, wherein the scar 
is associated with a f ibromastosis, keloid or a hypertro- 
phic wound healing disorder. 

10. The use according to Claim 2, wherein the protein 
synthesis inhibitor is administered simultaneously or 
sequentially with the calcium antagonist. 

11. The use according to Claim 1 or Claim 2, wherein th 
medicament comprises the calcium antagonist in admixture 
with a pharmaceutically acceptable vehicle. 

12. A composition comprising an effective amount of a calcium 
antagonist, and protein .synthesis inhibitor sufficient to 
control,. ; scar r format ion , / an<d ;: reduce preexisting scar 
tissue, in a pihy^o logically acceptable vehicle. 

.13. The composition of Claim 12,, wherein the calcium antago- 
nist, ; i.s t x 3 calmodulin; i^ibitor , ^a. Protein Kinase C 
i^ibi tpr .or a^ calcium transport .blocker t . 

14. The composition of Claim 13, wherein the calcium trans- 
port blocker is selected from the group consisting of 
phenyl a Iky lamine compounds, dihydropyridine compounds, 
benzodiazepine compounds and biologically compatible 
polyvalent salts. 

15- The composition of Claim 13, wherein the calcium trans- 
. port blocker is selected from the group consisting of 
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verapamil, nifedipine, nicardipine, nixnodipine, 
diltiazem, cobalt chloride and nickel chloride. 

16. The composition of Claim 12, wherein the protein synthe- 
sis inhibitor is a steroid, e.g., corticosteroid. 

17. A method of a controlling scar production comprising 
administering an effective amount of calcium antagonist 
locally to a scar site for a period of time sufficient to 
control scar production. 
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